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Temperature and salinity are two of the most important physical factors affect¬ 
ing estuarine organisms. In most studies on the effects of physical variables on 
estuarine organisms, all factors but one have been rigorously controlled and kept 
constant. Kinne (1971) argues that multifactorial experiments measuring the 
effects of two or more environmental factors acting in concert are necessary to 
understand the functioning of estuarine organisms under natural conditions. 

Most previous work on the effects of temperature and salinity on osmoregulation 
of marine and estuarine invertebrates has been done using osmoregulating crusta¬ 
ceans (Verwey, 1957; Lockwood, 1960; Deluiel, 1962; Todd, 1963; Dehnel and 
Carefoot, 1965; Taylor ct al., 1977). These workers and others have found that 
most euryhaline invertebrates studied exhibit greater osmoregulatory capabilities 
in the lower portions of their normal temperature ranges (see Kinne, 1970, 1971, 
for review). 

Many workers have investigated the effects of salinity on the blood solute 
concentrations of various molluscs, but the possible interaction of salinity and 
temperature on osmotic and ionic regulation in molluscs has not been studied 
thoroughly. The present study had two objectives: 1) to investigate the inter¬ 
action of temperature and salinity on the osmotic composition of an osmo- 
conforming marine gastropod Thais hacmastoma and 2) to investigate the effects 
of long-term salinity fluctuations on this snail. Hemolymph osmolality and con¬ 
centrations of Na + , K + , Mg 2+ , and Cl under constant and fluctuating salinity were 
measured at 10°, 20°, and 30°C. In addition, percent tissue water and the level 
of ninhydrin positive substances (NPS) in the foot tissue were determined. 

Materials and Methods 

Specimens of Thais hacmastoma were collected during September and October, 
1977, from Barataria Bay in the vicinity of Grande Isle, La., U.S.A. Ambient 
salinity at the time of collection varied from 24 to 28% c , water temperature between 
26° and 30°C. Snails were returned to the laboratory and placed in aquaria con¬ 
taining Instant Ocean artificial seawater (Eastlake, Ohio) at room temperature 
and the same salinity as the collection site. Snails were brought to the initial salin¬ 
ity of each experiment by adjusting the salinity (S) 2 %c per day until the desired 
salinity was reached. The aquaria were then placed in a water bath (20° and 30°C 
experiments) or a cold room (10°C experiment) and held at this temperature- 
salinity combination for 14 days before simulated tidal cycles were begun. The 
oyster drills were held under constant illumination during the acclimation period 
and all experiments. Live oysters were available as food for the drills at all times. 

1 Present Address: Department of Zoology, Oregon State University, Corvallis, Oregon 
97331. 
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Constant salinity 

Snails were acclimated to 7.5, 10, 20, and 30 % S for 5 weeks at 10° and 20°C 
and 4 weeks at 30°C. At the time of sampling snails were removed from acclimation 
aquaria and an ambient seawater sample taken. The shell was cracked near the 
heart and 50-300 p .1 of hemolymph collected in microcapillary tubes and placed in 
400 /jl\ plastic snap-cap centrifuge tubes. Hemolymph samples were centrifuged 
at 9000 X g for 5 min to pellet any particulate matter. The osmolality of hemo¬ 
lymph and seawater was determined with a WESCOR Vapor Pressure Osmometer. 
Hemolymph and water samples were diluted with deionized water for ion analyses. 
The foot was removed, blotted, and the weight determined ; it was frozen on dry 
ice and lvophilized to constant weight for the determination of percent tissue water. 

Chloride ion concentrations were determined with an Aminco Chloridometer, 
Na + and K with a Coleman Flame Photometer, and Mg“ + with a Perkin-Elmer 
Model 303 Atomic Absorption Spectrophotometer. 

Ninhydrin positive substances (NPS) were determined in the foot tissue. The 
freeze dried foot was ground to a powder in a Wiley grinding mill and 10 mg tissue 
incubated 48 hr in 10 mis of lO^f 5-sulfosalicylic acid to precipitate proteins and 
allow complete leaching of the NPS from the tissue. The samples were centrifuged 
at 12,100 X g for 15 min and NPS determined on a 0.1 ml aliquot of the super¬ 
natant by the method of Rosen (1957). Leucine was used as the standard. NPS 
levels are reported as /nM NPS/g dry weight and as fx M NPS/g tissue water. 

Salinity fluctuation experiments 

Salinity fluctuations simulated diurnal tidal cycles of 24 hr. A dilution apparatus 
described by Stickle and Ahokas (1974) was used to simulate tidal cycles (salinity 
regimes) of 30-10-30$/ and 10-30-10%<> S. The salinity was raised or lowered 
during the first 10 hr of the cycle, held at this salinity for a 2-hr slack-water period, 
then returned to the initial salinity during the next 10 hr. After a second 2-hr 
slack water period the cycle was repeated daily for a total of 21 days. Both cycles 
were run at 10°, 20°, and 30°C. 

Snails were killed and hemolymph samples taken on Days 1, 3, 6, 9, 12, 15, 
18, and 21 in the 10°C experiment. Samples were taken on the same days in the 
other two experiments with the following exceptions: 1) only snails under the 
30-10-30/L salinity regime were sampled on Days 6 and 15 of the 30°C experi¬ 
ment and 2) no samples were taken on Day 9 of the 20°C experiment. These 
sample periods were omitted to reduce the numbers of animals used in the 
experiments. 

Statistical analysis: Constant salinity 

Because the salinity of aquaria varied by as much as 2 fc among the three 
temperatures tested, data were standardized by expressing osmolality and ion 
concentrations as the hemolymph concentration minus the seawater concentration. 
In this way observed differences are due to temperature effects, not to minor 
variations in salinity among the three experiments. 

An analysis of variance (ANOVA) was run to test the effects of temperature, 
salinity, and temperature-salinity interaction (a 3 X 4 factorial design) on present 
tissue water, hemolymph osmolality. Cl", Na + , Mg 2+ , and K concentrations, /aM 
NPS/g dry weight, and /uM NPS/g tissue water of acclimated snails. Duncan’s 


Table I 

Mean hemolymph (HL)-minus-seawater osmolality and ion concentrations of Thais haemastoma held at 12 temperature-salinity combinations (mean percent 
tissue water in the foot is also given for each temperature-salinity combination). Values given are mean =fc standard error ( n ). Columns or rows joined by the 
same bar are not significantly different. An * indicates hemolymph-minus-seawater osmolality is significantly different from 0 at the 5% level. 
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New Multiple Range Test was used to find significance of differences among 
temperature means. A preliminary analysis of variance showed no sex effect in 
either the constant or fluctuating salinity conditions, so sex was not included in any 
further ANOVA's. Snail hemolymph osmolality and ion concentrations were com¬ 
pared with seawater values by /-tests for each temperature-salinity combination. 
A significant difference (P < 0.05) would indicate regulation of hemolymph 
osmolality or ion concentrations as compared to seawater values. 

Statistical analysis: Salinity fluctuation experiments 

Data from the salinity fluctuation experiments were also standardized by expres¬ 
sing hemolymph osmolality and ion concentrations as hemolymph minus seawater 
concentrations. 

An A NOVA was run testing the effects of temperature, salinity regime, high 
versus low stage of fluctuation cycle, and time on percent tissue water, hemolymph 
osmolality. Cl", Na + , Mg 2+ , and K L concentrations of snails under fluctuating salinity 
regimes. For the ANOVAs time was broken into four classes: Days 1 and 3, 6 
and 9, 12 and 15, and 18 and 21. This is a 3 X 2 X 2 X 4 factorial design. Dun¬ 
can’s New Multiple Range Test was used to detect significant differences (P < 
0.05) among means of the dependent variables over time and to compare the 
three temperature experiments. Maximum E-square regressions of all dependent 
variables against time were performed for each temperature-salinity-regime stage-of- 
cycle combination. Regression lines are plotted as predicted values with standard 
errors. All statistical analyses were done using the Statistical Analysis System. 
Version 76.6 (Rarr et al, 1976). 


Results 


Constant salinity 

Temperature, salinity, and temperature-salinity interaction all had significant 
effects (P < 0.05) on the difference between hemolymph and seawater osmolality. 
Mean values for snails held at 7.5, 10, 20, and 30 /c salinity and 10°, 20°, and 30°C 
are given in Table I. Hemolymph osmolality increased as salinity increased. 
The /-test comparisons of hemolymph osmolality against seawater osmolality indi¬ 
cate a significant difference between hemolymph and seawater osmolality at 10, 
20, and 30 % 0 and 10°C (Table I). There are statistically significant differences 
at two salinities under both the 20° and 30°C regimes, hut the differences are 
smaller. Hemolymph osmolality was maintained slightly above seawater values 
at 10°C and was isosmotic or slightly hyperionic at 20° and 30°C. Percent tissue 
water was unaffected by temperature and decreased as ambient salinity and hemo¬ 
lymph osmolality increased (Table I). 

Hemolymph concentrations of all ions studied increased as salinity increased 
under steady state conditions. Temperature, salinity, and temperature-salinity 
interactions all had significant effect (P < 0.05) on the difference between hemo¬ 
lymph and seawater Cl", Na + , and Mg 2+ concentrations (Table I). Hemolymph 
Cl" concentrations were generally lower than seawater values. At 10°C hemo¬ 
lymph Na + concentrations were greater than seawater concentrations, while hemo¬ 
lymph Na + concentrations did not differ from ambient levels at 20° and 30°C. 
Hemolymph [Mg 2+ ] was isionic or slightly hyperionic to ambient seawater at 
most temperature-salinity combinations examined. The /-test comparisons indi- 


152 


J. E. HILDRETH AND W. B. STICKLE 

IO°C 20° C 30°C 



day 

Figure 1 . Regression lines for hemolymph osmolality of Thais hacmastoma expressed as 
hemolymph osmolality minus seawater osmolality at the high (H) and low (L) phases of 
salinity cycles. Percent body water of the foot at high and low phases of salinity cycles are 
also given. Lines are presented for 10-30-10/^r and 30-10-30#r S cycles at 10°, 20°, and 30°C. 
Vertical lines represent standard error at each sample point. 


catecl significant differences between hemolymph and seawater Mg 2+ concentrations 
at 7.5, 10, and 20/^ S at both 10° and 20°C. Although neither temperature nor 
salinity had significant effects on K + hemolymph-minus-seawater differences, the 
effect of temperature-salinity interactions was significant (P < 0.05). Hemolymph 
[K + J increased with increasing seawater concentration and was unaffected by 
temperature. The /-test comparisons for difference between seawater and hemo¬ 
lymph [K + | showed significant differences at 10 and 20%c salinity. 

Fluctuating salinity experiments 

Hemolymph osmolality tracked that of ambient seawater at all three tempera¬ 
tures under both salinity regimes. Hemolymph tended to be isosmotic or slightly 
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liyposmotic during high salinity slackwater periods and to be hyperionic during 
low salinity slackwaters. This trend was most evident at 10°C. Figure 1 shows 
maximum R-sqnare regression lines of hemolymph-minus-seawater osmolality 
for high and low salinity sample periods at 10°, 20°, and 30°C under both salinity 
regimes. Broken lines indicate nonsignificant, best-fit lines. 

Analysis of variance (ANOVA) showed temperature, salinity regime, stage 
of cycle (high or low), time, and all two way interactions of these variables to 
have significant (P < 0.05) effects on the difference of osmolality between hemo- 
lymph and seawater. Duncan’s New Multple Range Test showed that hemolymph- 
minus-seawater osmolality was greatest at 10°C, intermediate at 20°C, and least 
at 30°C over the 21-day salinity fluctuation experiment. Duncan’s test also showed 
that hemolymph-minus-seawater osmolality was greater in snails under the 
30-10-30/u S fluctuating salinity regime than in snails under the 10-30-1 0/co S 
regime. A large positive difference at low salinity slackwaters, as was observed at 
10°C and to a lesser extent at 20° and 30°C (Fig. 1), indicates snail hemolymph 
was not closely tracking ambient levels during this phase of the salinity cycle. 

Tissue water in the foot varied inversely with seawater and hemolymph osmo¬ 
lality, increasing with decreasing salinity (Fig. 1). ANOVA showed that tempera¬ 
ture, stage of cycle, and time had significant effects (P < 0.05) on tissue water 
content. Tissue water was greatest at 30°C, intermediate at 20°C, and least at 
10°C according to Duncan’s test. This difference in tissue water content was 
obvious at the time of sampling. Bleeding of the snails was more difficult at 
10°C than at the other temperatures and at 30°C the foot hemolymph was evident 
even after blotting the severed foot. 

Temperature and stage of cycle, but not salinity regime, had significant (P < 
0.05) effects of hemolymph Cl values expressed as hemolymph-minus-seawater 
concentrations when salinity was fluctuated. All two way interactions, including 
those involving salinity regime, were significant. Duncan’s New Multiple Range 
Test showed hemolymph-minus-seawater values to be greatest at 10°C and least 
at 30°C. Hemolymph-minus-seawater [Cl'J was greater than zero, indicating 
hemolymph Cl was maintained above seawater values at most low-salinity sample 
points at 10° and 20°C (Fig. 2). At 30°C hemolymph-minus-seawater Cl" con¬ 
centration was close to zero at both high and low salinity sample points, i.e., hemo¬ 
lymph Cl" tracked ambient water concentrations closely at 30°C. 

Somewhat similar trends were observed for hemolymph-minus-seawater Na + 
concentrations. Figure 2 shows that at 10°C hemolymph-minus-seawater Na + 
concentration was consistently greater than zero during the low-salinity sample 
periods while there was little difference between hemolymph and seawater concen¬ 
trations at high-salinity sample points. The data were more variable at the higher 
temperatures but tend to show hemolymph Na h concentration tracking ambient 
levels more than at 10°C. ANOVA showed that temperature, salinity regime, stage 
of cycle, time, and all two way interactions involving these variables, except stage 
of cycle by time interaction, have significant effects on hemolymph-minus-seawater 
[Na + ]. Duncan’s test showed hemolymph-minus-seawater Na + to be greatest at 
I0°C and least at 30°C and to be greater in snails under the 30-10~30%c salinity 
regime (30 /e S acclimation) than in those under the 10-30-10%c S regime. 

Hemolymph Mg 2f concentrations showed trends similar to those observed for 
the other ions studied. Hemolymph [Mg~ + ] was hvperionic during low-salinity 
sample periods and usually isionic or slightly hypoionic during high-salinitv sample 
periods (Fig. 3). Temperature, stage of cycle, time, and all two way interactions 
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I 3 6 9 12 13 18 21 I 3 6 9 12 15 16 21 I 3 6 9 12 15 18 21 


day 


Figure 2. Thais hacmastoma . Regression lines for hemolymph Cl and Na + concentration 
of Thais hacmastoma expressed as hemolymph-minus-seawater concentration at the high (H) 
and low (L) phases of salinity cycles. Lines are presented for 10-30-10^ and 30-10-30% c S 
cycles at 10°, 20°, and 30°C. Vertical lines represent standard error at each sample point. 


tested except stage of cycle by time had significant effects (P < 0.05) on hemo¬ 
lymph-minus-seawater Mg 24 . Duncan’s test showed that hemolymph-minus- 
seawater [Mg 2+ ] was greater at 10°C than at 20° and 30°C. 

Hemolymph [K ] also tended to be isionic to ambient seawater during high- 
salinity sample periods and to be hyperionic at low-salinity sample points (Fig. 3). 
Hemolymph K f was less hyperionic at low-salinity sample points at 30°C than 
at the other temperatures, indicating it tracked ambient levels to a greater extent. 
Temperature, salinity regime, and stage of cycle all significantly affected (P < 
0.05) hemolymph K expressed as hemolymph-minus-seawater concentration, 















OSMOREGULATION IN THAIS HAEMASTOMA 


155 


IO°C 20°C 30 p C 



day 

Figure 3. Regression lines for hemolymph Mg 2+ and K + concentrations of Thais haenia- 
stoma expressed as hemolymph-minus-seawater concentration at the high (H) and low (L) 
phases of salinity cycles. Lines are presented for 10-30-10#* and 30-10-30#* S cycles at 10°, 20°, 
and 30°C. Vertical lines represent standard error at each sample point. 

although no interactions were significant. Duncan’s test showed hemolymph minus 
seawater [K + ] was greatest at 10°C and least at 30°C. 

Ni nhyd rin- post five substances 

Ninhydrin-positive-substances (NPS) concentration of the foot, calculated as 
fi M NPS/g dry weight and as fi M NPS/g tissue water, are presented in Table II. 
Data are shown for 15 steady-state temperature-salinity combinations. NPS con¬ 
tent of the foot expressed as either NPS/g dry weight or NPS/g tissue water 
increases with increasing salinity at all three temperatures studied. NPS content 
of the foot tends to be lower at 10°C than at the other temperatures. No other 
clear trends are evident. 

NPS/g dry weights were not significantly different from control (day 0) values 
at high- and low-salinity sample points on the first day of salinity fluctuations 
(Fig. 4). Snails acclimated to 30/# S had higher NPS levels in the foot even at 
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Table II 


Ninhydrin-positive substances (NPS) in the foot of Thais haemastoma acclimated to 15 temperature- 
salinity coo;halations expressed as both \xM NPS/g dry weight and as nM NPS/g tissue water. Values 
given art X dr °5% confidence limit ( n ). ND indicates no data available. 



7.5 & 

10 ^ 

20 & 

30%c 

35 %p 

10°C 








pM g dry weight 

87.0 dz 19.4 (6) 

144.7 dz 3.3 (5) 

183.6 

dz 10.5 (4) 

268.2 dz 31.6 (4) 


ND 

pM g tissue H:0 

23.6 zb 4.0 (6) 

40.9 rb 8.0 (4) 

94.3 

zb 7.6 (4) 

94.3 dz 7.6 (4) 


ND 

20°C 








pM/g dry weight 

124.3 zb 1.7 (5) 

129.0 dz 14.5 (5) 

211.0 

zb 7.3 (5) 

312.0 zb 34.5 (4) 

338.1 

zb 25.3 (1) 

pM/g tissue HaO 

37.3 dz 2.2 (5) 

41.0 dz 5.2 (5) 

66.8 

zb 9.4 (4) 

96.5 dz 18.7 (4) 

117.37 

dz 10.4 (4) 

30°C 








pM g dry weight 

115.4 =b 3.4(4) 

159.9 dz 9.9 (5) 

217.64 

dz 45.4 (3) 

244.6 dz 51.3 (3) 

241.19 zb 24.7 (3) 

pM g tissue U 2 0 

34.4 dz 3.2 (4) 

48.7 dz 4.5 (4) 

68.1 

dz 4.2 (3) 

93.6 =b 5.8 (3) 

84.9 

zb 2.0 (3) 


corresponding points of the salinity fluctuation cycle, that is, when both were 
measured at 10 or 30 c /i S. NPS/g dry weight of snails acclimated to 30 fee and 
subjected to salinity cycles of 30-10-30%c S did not change significantly over the 
3-week experiment at 10°, 20°, or 30°C. In contrast, snails acclimated to 10 %c 
S and subjected to salinity cycles of 10-30-10%^ exhibited significantly higher 
NPS/g dry weight values than control and day 1 values after 2 weeks and remained 
higher after 3 weeks of cycling salinity. There was little significant cycling of 
NPS levels, expressed as fiM NPS/g dry weight, with the daily salinity fluctuations. 
Similar trends were observed when these data were analyzed expressing NPS levels 
as /xM NPS/g tissue water except that NPS levels cycled with fluctuating salinity 
to a greater extent, tending to be higher during high salinity slackwater sample 
periods (Fig. 4). 


Discussion 

Although little difference existed between hemolvmph and seawater osmolality 
or ion concentrations in Thais haemastoma at constant salinities and temperatures 
studied, temperature affected hemolvmph values over a range of salinities. The 
differences between hemolymph and seawater osmolality and CP and Na + concen¬ 
trations were greatest at 10°C. Mg 2+ hemolymph-minus-seawater concentration 
was less at 10° and 30°C than at 20°C, while hemolymph K + levels were not 
affected by temperature under steady-state conditions. Pierce (1970) argued that 
the slight hyperosmotic concentrations of blood and pericardial fluids relative to 
sea water in Modiolus was due to a Gibbs-Donnan equilibrium. However, Man- 
gum and Johansen (1975) have shown that a Gibbs-Donnan equilibrium is not 
responsible for the frequently observed hvperosmoticity of body fluids relative to 
ambient water in osmoconforming marine invertebrates. Therefore, mechanisms 
responsible for T. haemastoma maintenance of hemolymph osmolality, Na + , Mg 2+ , 
K , and Cl levels at concentrations significantly different from that of the ambient 
water remain to be elucidated. 

When salinity was cycled, hemolymph osomolality and ion concentrations were 
maintained above seawater values during the low phase of salinity cycles and were 
usually isosmotic during the high phase at 10°, 20°, and 30°C. Less cycling of 
hemolymph ion concentrations with salinity cycles occurred at 10°C than at 30°C, 
especially of hemolymph Mg 2f and K + concentrations, but there were still significant 
hemolvmph changes during most cycles. Similar results have been reported for 
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20°C 


30°C 



day 


Figure 4. Thais haemastoma. Mean plus or minus the 95% confidence limits are given 
for NPS/g dry weight and NPS/g tissue water in the foot of Thais haemastoma at the high 
and low phase of salinity cycles. Data are given for 10-30-10#r and 30-1 0-30%< S cycles at 
10°, 20°, and 30°C. Open circles represent high salinity sample points; closed circles, low 
salinity points. Lack of error bars indicates confidence limits smaller than the point on 
the figure. 


T. haemastoma exposed to 14 days of a 20-10-20 %c S diurnal pattern of fluctuat¬ 
ing salinity at 15°-21°C. (Stickle and Howey, 1975). 

The observed hemolymph-to-seawater ion differences during salinity fluctuation 
in Thais haemastoma are probably passive. Hemolymph was isionic during the 
high phase of salinity cycles and hyperionic during the low phase, suggesting greater 
solute and solvent movement during periods of increasing salinity. Extracellular 
fluid of other osmoconforming molluscs (Stickle and Ahokas, 1975; Stickle and 
Howey, 1975; Hand and Stickle, 1977, Shnmway, 1977) and echinoderms (Stickle 
and Ahokas, 1974) may also remain hypersomotic during the low phase of salinity 
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cycles. If the hemolymph-to-seawater difference in ion concentration during the 
low phase of salinity cycles at 10°C were caused by metabolic-dependent activities, 
regulation would have been observed under steady-state conditions also. Mag¬ 
nesium was the only hemolymph ion maintained at levels significantly different from 
seawater values under steady-state conditions. All other hemolymph ions were not 
different from seawater values even after 5 weeks acclimation to 10°C, suggesting 
low-temperature changes in membrane permeability or changes in other passive 
activities during salinity fluctuations. Prusch and Llall (1978) found that Mytilus 
cdulis is capable of altering tissue water permeability with changes in osmolality of 
the ambient water. Similar permeability changes may be occurring in response to 
temperature and fluctuating salinity in T. hacmastoma. Oxygen consumption in 
T. hacmastoma exposed to single salinity cycles at 20°C decreases in the middle 
of 10-15-10 %c 9 30-10-30 */ ( c and 10-30-10%® S diurnal cycles (Findley et al, 1978), 
suggesting a passive mechanism is responsible for the differences between hemo¬ 
lymph and seawater during the low phase of salinity cycles. 

Thais hacmastoma- maintains higher hemolymph osmolality at lower tempera¬ 
tures under both steady-state and fluctuating salinity conditions. Hemolymph 
osmolality and ion concentrations are regulated above seawater values during the 
low 7 phase of salinity cycles to a much greater extent at 10°C than at 30°C. 
Thus it seems T. hacmastoma is better able to withstand dilute and widely fluctuat¬ 
ing salinities at low temperatures. Lowest field salinities in Barataria Bay, the 
collection site for experimental animals, occur during winter (Hewatt, 1951). 
T. hacmastoma may be able to compensate for low environmental salinities by pas¬ 
sively regulating hemolymph composition when natural tidal salinity fluctuations 
occur most frequently. Since the feeding threshold of T. hacmastoma is about 
12.5°C (Garton and Stickle, 1980) it cannot be concluded that T. hacmastoma 
w r ould be able to permanently colonize dilute waters at cold temperatures. Indeed 
it is generally considered to be a warm water species extending only as far north 
as North Carolina. 

Ninhydrin-positive substances (NPS) increased in foot tissue of T. hacma¬ 
stoma with increasing salinity and w r ere lower at 10°C than at other experimental 
temperatures under steady-state salinity conditions. Ninhydrin-positive sub¬ 
stances are principally composed of free amino acids which are important in cell 
volume regulation in response to salinity variation. Peterson and Duerr (1969) 
found the free amino acid levels of Tcgitla juncbralis maintained for 11 days at 50, 
100, 120, and 160% seawater (35% 0 S = 100%) to increase linearly from 50 to 
120% seawater and then to decline to approximately 100% seawater concentra¬ 
tion at 160% seaw'ater when based on grams/wet-weight. Modiolus hearts 
(Pierce and Greenberg, 1973) and intact Mytilus cdulis (Livingstone et al., 
1979) transferred directly from high to low salinity release free amino acids from 
the intracellular fluid compartment. Free amino acids increase in acclimation of 
bivalve molluscs to high salinity (Baginski and Pierce, 1977, Gainey, 1978). Ex¬ 
pressing NPS concentration in the foot of T. hacmastoma on a dry weight basis 
indicates synthesis or degradation of NPS, principally free amino acids, whereas 
expressing NPS concentration on a tissue water basis provides information on the 
osmotic effectiveness of free amino acids. Extracellular fluid concentrations of 
NPS are small in comparison with entire foot NPS, suggesting that most NPS are 
intracellular. Stickle and Howey (1975) found hemolymph NPS concentrations 
to range from 0.6 to 6.4 inM in snails acclimated to 10-30%r S. Foot tissue water 
NPS concentrations range from 41 to 117 mM between 10 and 30%c S. 
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Variation in the volume of the intracellular fluid compartment without a 
concomitant change in absolute NFS content will alter the osmotic importance 
of NFS. Staaland (1970) found the intracellular fluid compartment of Buc- 
cinum undatum to vary inversely with salinity between 10 and 33% c whereas 
no change occurred in the size of the extracellular fluid compartment. If 
a similar relationship exists in the foot of T. hacmastoma the osmotic effective¬ 
ness of NPS as intracellular osmotically active particles will be further reduced 
by dilution of the intracellular fluid compartment at low salinity. 

Under fluctuating salinity conditions, it was more difficult to obtain hemolymph 
at 10°C than at 20°C while hemolymph was most abundant at 30°C. Stickle 
and Howey (1975) found similar results with T. hacmastoma exposed to two 
weeks of diurnal 20-10-20# r patterns of fluctuating salinity. Total body water in 
the foot of stepwise acclimated T. hacmastoma was not significantly different 
between 10° and 30°C, which suggests that the intracellular fluid compartment was 
probably larger at 10°C than at 20° or 30°C. 

Ninhydrin positive substances did not cycle in the foot of T. hacmastoma in 
response to cycling salinities, although NFS levels increased with time in snails 
acclimated to 10 fc S and subjected to a long-term 10-30-1 0%c regime. In con¬ 
trast, all eight bivalve species studied by Shumway ct al. (1977) cycled adductor 
muscle NPS levels in response to 1-dav salinity fluctuations. After 1 week of 
salinity fluctuation, no changes in Mytihts cditlis tissue NPS levels were observed 
during a salinity cycle. Additionally, tissue NPS did not decline below the con¬ 
centration observed in lOO^f seawater. On the other hand, Livingstone ct ai, 
(1979) found changes in M. ednlis NPS level to he small during short-term 
salinity fluctuations (30-15-30#r cycles) but to decline markedly after exposure 
to 24 days of salinity fluctuations. These authors believe that the lack of NPS 
decline during fluctuating salinity observed in the study of Shumway ct al., 
(1977) may have been due to a combination of valve closure during the low-salinity 
phase of each cycle and salinity effects. The mussels used by Livingstone ct ai, 
(1979) remained open throughout salinity cycles and continued to respire. Like¬ 
wise, the T. hacmastoma used in our fluctuating-salinity experiments remained 
attached to aquarium walls and crawled and preyed on oysters, although less activity 
was observed at 10°C than at other temperatures studied. Garton and Stickle 
(1980) have documented the feeding activity of oyster drills on oysters under 
identical conditions and Findley ct al., (1978) have shown aerobic respiration 
to occur under fluctuating salinity conditions. 

Thais hacmastoma passively regulates hemolymph osmolality and ionic com¬ 
position slightly above environmental levels at low temperatures and constant 
salinity, as well as during the daily low phase of long-term salinity fluctuation cycles. 
Since cell fluid volume appears to be greater at low temperatures and low salinities, 
NPS may be less important in osmotic regulation and cell volume regulation under 
conditions of low environmental temperature and salinity. 
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Sum marv 

1. When Thais hacmastoma were acclimated stepwise to constant salinity; 
hemolymph osmolality, Na + , Mg 2+ , K + , and CL concentrations as well as tissue 
XPS concentration increased with salinity between 7.5 and 30 %c at 10°, 20°, and 
30°C. Hemolvmph osmolality was significantly greater than that of seawater at 
10, 20, 30 ( /c( S and 10°C. Her cent tissue water was unaffected by temperature and 
decreased with increasing salinity and hemolymph osmolality. The hemolymph con¬ 
centration of all ions increased with increasing concentrations in seawater. Hemo¬ 
lymph [CL] was lower than in seawater at 20° and 30°C but hyperionic to 
seawater at 20 and 30 f /c S and 10°C. Hemolymph [Na + ] was greater than in 
seawater at 10°C but no difference existed at 20° and 30°C. Hemolymph [Mg 2+ ] 
was significantly greater than in seawater at 10 and 20%c S at all temperatures. 
Neither temperature nor salinity significantly affected the hemolymph-to-seawater 
difference in [K + ], [NPSJ in the foot of T. hacmastoma increased with salinity 
and was lower at 10°C than at 20° and 30°C. 

2. Hemolymph osmolality tracked seawater osmolality less well at 10°C than 
at 20° and 30° during 30-10-30#© and 10-30-10# f diurnal patterns of fluctuating 
salinity. Reduced tracking at 10°C was due to less decline of hemolymph 
osmolality during the decreasing-salinity phase of the cycles. Snail hemolymph 
osmolality also declined less during the decreasing-salinity phase of the 30-10-30#< 
S cycle than during the 10-30-1 0#© S cycles, indicating that acclimation to different 
constant salinities prior to the initiation of fluctuating salinity cycles has a sig¬ 
nificant effect on the response of T. hacmastoma to fluctuating salinity. Tissue 
water in the foot varied inversely with seawater and hemolymph osmolality during 
fluctuating salinity. The difference in percent tissue water between snails 
acclimated to 10 and 30 %c S prior to salinity fluctuation was greatest at 30°C, 
intermediate at 20°C, and least at 10°C. Hemolymph [Na + ], [Mg 2+ ], [K + |, and 
[Cl ], tracked ambient salinity least well at 10°C and most closely at 30°C. Passive 
factors are likely to be responsible for the differences in hemolymph osmotic and 
ionic fluctuation observed at 10°, 20°, and 30°C. Tissue NPS did not fluctuate 
with daily salinity cycles in either the 30-10-30#© or 10-30-10#© diurnal patterns 
of fluctuating salinity. Loot tissue NPS of snails acclimated to 30#© did not change 
over three weeks of exposure to a 30-10-30#© S pattern of fluctuating salinity but 
NPS in the foot of snails acclimated to 10#© S and subjected to a 10—30— 10#© S 
pattern of fluctuating salinity increased significantly in 15 days and remained 
significantly higher on Day 21. 
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